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Supplementary Note 1. GREML-LDMS-I analysis in individuals with European ancestry

Sample selection

To select the European-ancestry sample, we applied a two-step procedure, described below, to
evaluate the convergence of the two different approaches. First, an initial set of European genomes was
selected by projecting 1000 Genome (1000G) PC loadings onto TOPMed genotypes (freeze 8; autosomes
only) and applying K-nearest neighbors classification on the h20 projected PCs using open source
software FRAPOSA!. This software uses online augmentation-decomposition-transformation (OADP) for
projection to avoid potential misalignment and shrinkage bias. To calculate 1000G PC loadings, SNPs
common in both 1000G and TOPMed were extracted and pruned for LD using plink 1.9 (--indep-pairwise
100kb 5 0.1) and went through other quality control filters (--geno 0.01, --mind 0.01), resulting in a total
of 103,646 variants. Then, genetic PCs for the TOPMed samples were calculated using plink 1.9 (--score).
Ancestry was assigned based on “votes” of the top 20 closest neighbors (uniformly weighted) in the
1000G dataset in terms of PC 1-20 scores. As in the original paper?, those having probability of being
European ancestry greater than .875 made an initial set of European ancestry (N=38,915 for EUR sample
having at least one smoking phenotypes). Visual inspection of the PC 1-4 plots of this initial sample
suggested residual heterogeneity within the European ancestry sample. Therefore, we further restricted
samples via following way: 1), we created four increasingly restrictive samples based on Euclidean
distance of PC 1-4 from the vertex (maximum of PC1, minimum of PC2, and PC3-4 values evaluated at
the maximum value of PC1). Then, we calculated Euclidean distance from this vertex for each individual
and removed outliers having a distance greater than 3, 2, 1.5, and 1 times Inter-Quartile Range (IQR),
each comprising four increasingly restrictive sample sets. The 1 IQR sample (i.e., most conservative with
respect to population structure) was used for our main analyses with the remaining samples reserved for
sensitivity analysis. Sample size and PC1-4 plots of the resulting samples are presented in Supplementary

Table 12 and Supplementary Fig. 2.



Phenotypes

We applied the same definition for phenotypes as used in the recent GWAS of tobacco use?. Age
of smoking initiation (AgeSmK) is a continuous variable indicating the age at which an individual started
smoking regularly. Cigarettes per day (CigDay) is an ordinal variable with 5 bins (1-5) with higher
numbers indicating a higher average number of cigarettes smoked per day, either as a current smoker or
former smoker. Specifically, each bin indicates the following quantity: binl (1~5), bin2 (6~15), bin3
(16~25), bin4 (26~35), bin5 (36+). Individuals who never smoked were set to missing. Smoking cessation
(SmkCes) is a binary phenotype: current (case=1) versus former smoker (control=0). Smoking initiation
(SmkKInit) is also a binary variable measuring whether one reports ever being a regular smoker in their life
(i.e., ever smoked 100 cigarettes in their life) versus (case=1) never smoker (control=0). Supplementary
Table 8 shows cohort-wide and cohort-level descriptive statistics of four smoking phenotypes. The
relationship among four smoking phenotypes was explored using linear mixed-effects regression
(Supplementary Table 7). For each phenotype, they were regressed on age, sex, and the two remaining
smoking phenotypes (except for Smkinit) as fixed covariates and cohort as a random intercept. The
relation between Smkinit and other variables could not be estimated because every individual reporting
AgeSmk, CigDay, and SmkCes, were lifetime smokers. InR (v3.63) , we used 1me function in
nlme (v3.1) package for quantitative traits and g1mer function for binary traits in

1me4 (v1.1) package.

Local Permutation analysis
We estimated the potential amount of residual population stratification using permutation method.
First, we calculated genetic distances between the i-th and the j-th individual using the following formula:

YL Ak |PCki — PCy; |2, where PCs are principal components calculated with common variants and 4,, is

eigenvalue corresponding to the k-th PCs. Then, we generated a list of permutations by randomly



exchanging the i-th individual with one of their 100 nearest neighbors which includes themselves. A more
detailed procedure of generating permutation is described elsewhere®. Similar to this study, we dropped
the first 50 permutations and sampled each permutation list with a step of 5 to ensure relative
independence between the permutation lists. Taking a semi-empirical approach, we calculated the mean
and standard deviations of 100 permutation trials and used them to construct empirical null distribution,
N(u, a2). Mean heritability departing from zero would indicate potential confounding bias by population
stratification. We conducted a one-tailed z-test for 6 bins of each phenotype to test whether u is

significantly different from zero (Supplementary Table 4).

Pedigree-based narrow-sense heritability

For pedigree-based analysis, we only included cohorts having more than 10 pairs of close
relatives (i.e., those related greater than .375) from 1 IQR European sample which has not been filtered by
relatedness yet. This is to prevent the relatedness structure from becoming too low in which case
heritability estimates can be deflated®. Then, we removed one in the pairs related to greater than .8 to
prevent duplicates or monozygotic twins (which are indistinguishable) being accidentally included. Next,
we created a GRM using variants with MAF greater than .05. We set pairs related less than .05 as 0 in the
same GRM to prevent deflation of heritability estimates. This resulted in a GRM based on the 6th degree,
or closer, relatives, including all relative pairs excluded in the SNP heritability analyses described
throughout this report, as well as unrelated individuals. Such a GRM includes additive effects of common
variants, but also additive effects of all variants in haplotypes shared among relatives, including common
and rare SNPs. This modified GRM was entered as a random effect together with two other random
effects, a cohort effect and a shared environment effect. We created the shared environment GRM by
setting pairs related greater than .375 as 1 and 0 otherwise. We entered the same set of fixed effects
(demographic, sequencing center, and genetic PCs) used in our main SNP-based heritability analysis. We

found that fitting both genetic and shared environment GRMs did not converge or produced non-sensible



estimates due to strong dependence between the genetic GRM and the shared environment GRM.
Therefore, we reported results from models with only the genetic and cohort random effects,

understanding that the estimates can be upwardly biased due to shared environment effect.

Supplementary Note 2. GREML-LDMS-I analysis in individuals with African ancestry
Sample

We initially had 8,546, 8,894, 10,361, and 19,632 African admixed individuals (as predicted by
OADRP ancestry prediction) for AgeSmk, CigDay, SmkCes, and Smkinit, respectively. Unrelated samples
were selected based on kinship coefficients calculated by PC-relate (‘pcrelate’ in GENESIS R
package) which estimates kinship in admixed samples conditional on ancestry®. A total of 638,486 LD-
pruned variants (|LD|<.32) with MAF greater than 1% were used to calculate relatedness. We applied
pcairPartition in GENESIS package with kinship coefficient threshold < .0125 to select unrelated
individuals (equivalent to ® < .025). While a majority of individuals showed two-way (African-
European) admixture, some individuals showed more complex admixture patterns. We excluded these
individuals with global ancestry proportion of either Central-South Asia, East Asia, Native America, and
Middle East greater than 10% (N=58). Global ancestry proportions were derived from local ancestry
estimates from RFMix where local ancestry of each homologous chromosome was estimated at 610,860
autosomal SNPs using Human Genome Diversity Panel (HGDP)® as a reference panel. Descriptive
statistics of each cohort are presented in Supplementary Table 8 and the global ancestry proportion of the
sample is presented in Supplementary Fig. 3. As in European ancestry analysis, we performed LD-
pruning (indep-pairwise 100 5 0.2 for common, indep-pairwise 2000 10 0.02 for rare variants) and
estimated 50 PCs using ~1M common (MAF 1-50%) variants and another 50 PCs from ~6M rare variants

(MAF 0.01-1%). These 100 PCs were used as fixed effect covariates in GREML-LDMS-I analysis.



Local ancestry kinship

Individuals with similar global ancestry proportions can exhibit variable local ancestry
compositions. Adjustment of local ancestral backgrounds was previously shown to produce less biased
heritability estimates in admixed populations for other traits’. We modeled the effect of local ancestry as a
random effect by constructing local ancestry-based kinship. Local ancestry kinship was constructed by the
following procedure: 1) local ancestry genotype matrix was created with each individual assigned either 0

or 1 or 2 depending on the number of Sub-Saharan African allele at 610,860 autosomal variants from
HGDP. Then, we standardized this matrix buy: v;= (v,; — 20)/ 28(1 - 6) Where v,, indicates local ancestry of

the i-th individual at variant s and @ indicates mean African ancestry proportion of current sample®. We
created a GRM based on the standardized local ancestry matrix and included it as a random effect in

GREML-LDMS-I analysis.
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Supplementary Note 4. TOPMed Omics Support Table

TOPMed TOPMed Study TOPMed | TOPMed Project Omics Center Omics Support Omics
Accession # Short Name Phase Short Name Type
phs001211 ARIC 2 VTE Baylor 3U54HG003273-12S2 / HSN268201500015C | WGS
phs001143 BAGS 1 BAGS Illumina 3U54HG003273-12S2 / WGS
HHSN268201500015C
phs001644 BioMe 3 BioMe Baylor HHSN268201600033I WGS
phs001644 BioMe 3 BioMe MGI HHSN2682016000371 WGS
phs001612 CARDIA 3 CARDIA Baylor HHSN268201600033I WGS
phs000954 CFS 1 CFS NWGC 3R01HL098433-05S1 WGS
phs000954 CFS 3.5 CFS NWGC HHSN2682016000321 WGS
phs001368 CHS 3 CHS Baylor HHSN268201600033I WGS
phs001368 CHS VTE 2 VTE Baylor 3U54HG003273-12S2 / WGS
HHSN268201500015C
phs000951 COPDGene 25 COPD Broad Genomics HHSN268201500014C WGS
phs000951 COPDGene 1 COPD NWGC 3R01HL089856-08S1 WGS
phs000951 COPDGene 2 COPD Broad Genomics HHSN268201500014C WGS
phs001412 DHS 2 AA_CAC Broad Genomics HHSN268201500014C WGS
phs001472 ECLIPSE 3 ECLIPSE MGl HHSN2682016000371 WGS



https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study_id=phs001412

phs000946 EOCOPD 1 COPD NWGC 3R01HL089856-08S1 WGS
phs000974 FHS 1 FHS Broad Genomics 3U54HG003067-12S2 WGS
phs001218 GeneSTAR legacy GeneSTAR Ilumina RO1HL112064 WGS
phs001218 GeneSTAR 2 GeneSTAR Psomagen 3R0O1HL112064-04S1 WGS
phs001218 GeneSTAR 2 AA_CAC Broad Genomics HHSN268201500014C WGS
phs001345 GENOA 2 HyperGEN_GENOA | NWGC 3RO1HL055673-18S1 WGS
phs001345 GENOA_AA_CAC |2 AA_CAC Broad Genomics HHSN268201500014C WGS
phs001359 GOLDN 2 GOLDN NWGC 3R01HL104135-04S1 WGS
phs001395 HCHS_SOL 3 HCHS_SOL Baylor HHSN268201600033I WGS
phs001293 HyperGEN 2 HyperGEN_GENOA | NWGC 3R0O1HL055673-18S1 WGS
phs000993 HVH 1 AFGen Broad Genomics 3R01HL092577-06S1 WGS
phs001607 IPF 3 IPF MGl HHSN268201600037! WGS
phs000964 JHS 1 JHS NWGC HHSN268201100037C WGS
phs001416 MESA AA_CAC 2 AA_CAC Broad Genomics HHSN268201500014C WGS
phs001544 MPP 2.4 AFGen Broad Genomics 3UM1HG008895-01S2 WGS
phs001608 OMG_SCD 2 OMG_SCD Baylor HHSN268201500015C WGS
phs001608 OMG_SCD 7.1 OMG_SCD Baylor HHSN268201600033I WGS




phs001601 PMBB_AF 24 AFGen Broad Genomics 3UM1HGO008895-01S2 WGS
phs001468 REDS-II1_Brazil 2 REDS-III_Brazil Baylor HHSN268201500015C WGS
phs001468 REDS-II1_Brazil 54 REDS-III_Brazil Baylor HHSN268201600033I WGS
phs001215 SAFS 1 SAFS Illumina 3R01HL113323-03S1 WGS
phs001215 SAFS legacy SAFS Ilumina RO1HL113322 WGS
phs001207 Sarcoidosis 2 Sarcoidosis Baylor 3RO1HL113326-04S1 WGS
phs001207 Sarcoidosis 3.5,55 Sarcoidosis NWGC HHSN2682016000321 WGS
phs001207 Sarcoidosis 35,55 Sarcoidosis Broad Genomics HHSN2682016000341 WGS
phs001446 SARP 2 SARP NYGC Genomics HHSN268201500016C WGS
phs001402 Mayo_VTE 2 VTE Baylor 3U54HG003273-12S2 / HSN268201500015C | WGS
phs001514 walk_PHaSST 2 walk_PHaSST Baylor HHSN268201500015C WGS
phs001237 WHI 2 WHI Broad Genomics HHSN268201500014C WGS




Supplementary Note 5. Full TOPMed Banner Authorship list

Full TOPMed Banner authorship list can be found here: https://www.nhlbiwgs.org/topmed-banner-authorship
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Supplementary Figure 1. SNP-based heritability estimates and standard errors from samples with
increasingly less control of population structure with 1QR being the most conservative and 31QR being
the most liberal. X-axis indicates LDMS bins and their sums (Common: a sum across 5-50%-HlI, 5-50%-
LO, 1-5%-HI, 1-5%-L0O bins; Rare: a sum across 0.1-1%, 0.01-0.1% bins; Total: a sum across all six
bins). “HI” and “LO” each means variants with high or low LD scores as determined by the median LD
scores of each bin.
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Supplementary Figure 2. Principal components 1-4 of four different IQR samples. A, B, C, D each shows
samples lying inside the 3*IQR, 2*IQR, 1.5*IQR, and 1*IQR range of the sum of the Euclidian distance
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Supplementary Figure 4-6. Histogram of GRM off-diagonals from MAF 0.01-0. 1% bin in European
ancestry sample. Histograms of off-diagonals < 0.05 were presented in a smaller box for finer scale
distribution.
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Supplementary Figure 5-1. Histogram of GRM off-diagonals from MAF 5-50% - high LD bin in African
ancestry sample



AFR AgeSmk - MAF1 low LD AFR CigDay - MAF1 low LD

i . =
S = -
+ | =1
@ S -
@ m (=1
w0
] -
- .
=]
© L
8 1 21
& w M
z z 2 I
D [ o —
=1 M ] =
T 8 T °
Eo i g - a
<4 Lo
(=1
(=1
2 4
o
o
i
<
E g |
o
(=1
w
(=4
o
- o -
< I T T T T 1 I T T T 1
-0.02 -0.01 0.00 0.01 0.02 0.03 -0.01 0.00 0.01 0.02 0.03
AFR GRM off diagonals AFR GRM off diagonals
AFR SmkCes - MAF1 low LD
AFR Smkinit - MAF1 low LD
o | g
=] M . M
. @ 1
o
I © I
o
T -
8
z &
=4 '{) -1 N >
EREN g
g L $ . b
w 2 < —
L &7
A
w
o
T
2 ©
o
T 4
@
~N
g | g
@ S
o [
T T T T T 1 < r T T T T 1
-0.02 -0.01 0.00 0.01 0.02 0.03 -0.02 -0.01 0.00 0.01 0.02 0.03
AFR GRM off diagonals AFR GRM off diagonals

Supplementary Figure 5-2. Histogram of GRM off-diagonals from MAF 5-50% - low LD bin in African
ancestry sample
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Supplementary Figure 5-3. Histogram of GRM off-diagonals from MAF 1-5% - high LD bin in African
ancestry sample
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Supplementary Figure 5-4. Histogram of GRM off-diagonals from MAF 1-5% - low LD bin in African

ancestry sample
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Supplementary Figure 5-5. Histogram of GRM off-diagonals from MAF 0.1-1% in bin African ancestry
sample






